Introduction {#S0001}
============

Postpartum psychosis is a severe psychiatric disorder that affects one to two in 1,000 childbearing women,[@CIT0001]--[@CIT0003] often with severe consequences for the affected women and their families.[@CIT0004],[@CIT0005] The etiology is not clear,[@CIT0004],[@CIT0005] but a suggested potential explanation is that psychological, circadian, hormonal, and immune-system changes associated with pregnancy and parturition may trigger psychotic symptoms in the postpartum period, in particular in vulnerable women.[@CIT0005]--[@CIT0008]

Stressful life events have been associated with an increased risk of a first psychotic episode and possibly with recurrent events in patients with a history of psychotic illness.[@CIT0009] Possible underlying mechanisms involve changes in affective and cognitive function,[@CIT0009] dysregulation of the hypothalamic--pituitary--adrenal axis, abnormalities in the dopaminergic system, reductions in hippocampal volume, and increased inflammatory activity.[@CIT0010] According to the neural diathesis--stress model of psychosis, the effect of stress on psychosis may be stronger in the presence of diatheses, ie, preexisting or situational factors that increase vulnerability to a psychotic episode.[@CIT0010],[@CIT0011] Women's susceptibility to psychosis is substantially higher in the postpartum period than in the years before or after childbirth.[@CIT0004], Similarly, a history of psychiatric disorders is a well-known risk factor for postpartum psychosis.[@CIT0005],[@CIT0008] Risks are highest among women with a history of bipolar disorder and schizophrenia, but increased postpartum-psychosis rates have been reported also for women with other psychiatric disorders, primarily unipolar affective disorders.[@CIT0006],[@CIT0008],[@CIT0012]--[@CIT0014] Patients with psychotic and mood disorders have poorer coping skills, higher baseline cortisol levels and increased hypothalamic---pituitary---adrenal-axis reactivity to stress than women without a history of psychiatric disorders[@CIT0010] and consequently the effect of stressful events on psychosis in the highly stress-sensitive postpartum period may be stronger in the former groups.

To our knowledge, only three studies addressed the link between maternal stressors during pregnancy and the risk of a psychotic episode in the postpartum period.[@CIT0012],[@CIT0015],[@CIT0016] Brockington and associates assessed six months after delivery adverse life events in the past 38 weeks in 33 women with postpartum psychosis and 80 randomly selected women with a recent childbirth.[@CIT0015] Similarly, Dowlatshahi and Paykel conducted three months postpartum semistructured interviews about adverse life events in the past 13 months in 33 recently delivered severely ill psychiatric patients (most with psychosis), and in 33 puerperal controls with no mental disorder during pregnancy or postpartum.[@CIT0016] Marks and colleagues studied the association between negative life events one year prior to the postpartum period and the risk of postpartum psychotic relapse in 43 women with a history of severe depression or psychosis.[@CIT0012] None of the three studies reported an association, but since all three studies were small, involved only few patients with postpartum psychosis,[@CIT0012],[@CIT0015],[@CIT0016] and two of these studies were subject to recall bias,[@CIT0015],[@CIT0016] further studies are needed.

Death of a close relative is one of the most severe stressors.[@CIT0017],[@CIT0018] Death of a child and suicidal death of a spouse are rated 6 on a six-steps scale of severity of stress (ie as "catastrophic stressors"), while other deaths in the close family are rated 5 (ie as "extreme stressors").[@CIT0017] Another well-known classification system of sources of stress considers the death of the spouse the life event that requires the greatest level of readjustment, followed closely by death of a close family member.[@CIT0018] The magnitude of the emotional stress experience may vary also according to the cause of death, with sudden, unnatural deaths being more likely to be perceived as more stressful than natural deaths.[@CIT0019] Thus, if emotional stress is part of the etiology behind postpartum psychosis, we would expect an increased risk of postpartum psychosis following bereavement before childbirth, in particular after the death of a nuclear family member or after sudden, unnatural deaths of relatives.

We investigated whether the death of a close family member, ie parent, sibling, partner or older child, the year before or during pregnancy was associated with an increased risk of a psychotic illness in the postpartum period among women without and with a history of psychiatric disorder.

Material and methods {#S0002}
====================

Study design and data sources {#S0002-S2001}
-----------------------------

This cohort study includes all live births during 1978--2008 as reported in the Danish Medical Birth Register (MBR)[@CIT0020] and all births during 1973--2006 included in the Swedish MBR[@CIT0021] (N=5 499 333). Both MBRs contain on-time collected data on more than 98% of the deliveries in each country.[@CIT0020],[@CIT0021] To obtain information on the death of the women's family members, sociodemographic and health-related factors, the cohort was linked to several population-based registries.[@CIT0022] The Danish MBR was linked to the Civil Registration System,[@CIT0023] the Psychiatric Central Register,[@CIT0024] the National Hospital Register[@CIT0025] and the Integrated Database for Longitudinal Labor Market Research. The Swedish MBR was linked to the Multi-generation Register, the Cause of Death Register,[@CIT0026] the Patient Register[@CIT0027] and the Education Register[@CIT0028] Causes of death and medical diagnoses were coded according to the Danish and Swedish versions of the International Classification of Diseases (ICD); all ICD-codes used to define medical conditions in our study are presented in [Table S1](#T00S1){ref-type="table"}.

A total of 2 085 521 deliveries were recorded in the Danish Medical Birth Register during the period 1978--2008 and 3 413 812 deliveries in the Swedish Medical Birth Register during the period 1973--2006 (N=5 499 333). We first excluded 231 151 births with an unlikely short (\<22 completed weeks), long (\>45 weeks in Denmark and \>46 weeks in Sweden) or missing gestational age and 99 further births by women with no personal identification number ([Figure 1](#F0001){ref-type="fig"}). We performed separate analyses among births by women with no record of psychiatric disorder before delivery (n=5 112 314) and among births by women who had a record of a psychiatric disorder before the start of the exposure period (one year before conception) (n=134 664) in the Danish Psychiatric Central Register, the Danish National Hospital Register or the Swedish Patient Register ([Figure 1](#F0001){ref-type="fig"}). The Danish Psychiatric Central Register includes information on all hospitalizations for psychiatric disorders since 1969 and on all out-patient psychiatric care since 1995.[@CIT0024] The Danish National Hospital Register includes information on all in-patient care in Denmark since 1977[@CIT0025] and on all outpatient care since 1995. The Swedish Patient Register was established in 1964 and its coverage increased gradually until 1987, when it became nationwide; for the period 1973--1986 coverage of psychiatric hospitalizations is considered complete in all but five of the 25 Swedish counties.[@CIT0027]Figure 1Flowchart of study participants.

The study was approved by the Data Protection Agency in Copenhagen (no. 2008--41-2680), the Scientific Ethics Committee of Central Region Jylland (no. M-20100252) and by the Research Ethics Committee at Karolinska Institutet, Stockholm (no. 2008/4:6) in Sweden.

Measures {#S0002-S2002}
--------

***Exposure*** was defined as the death of a close family member of the pregnant woman the year before or during pregnancy, ie parent, sibling, older child or partner. The relatives were identified in the Danish Civil Registration System or in the Swedish Multigeneration Register. In the Swedish Multigeneration Register, linkage to partners was only possible for livebirths. Information on date and cause of the relatives' death was obtained from the Danish Civil Registration System and from the Swedish Cause of Death Register. Exposure was classified according to 1) the time of death (the year before pregnancy or during pregnancy), 2) the relative's cause of death (natural or unnatural death) and 3) the woman's relationship to the deceased (parent or sibling and partner or child). If the woman lost several relatives during the study period, only the timing of the first loss was considered in the analyses.

The primary ***outcome*** was a diagnosis of psychotic illness at any time in the first 90 days after delivery[@CIT0001],[@CIT0004],[@CIT0007],[@CIT0013],[@CIT0029] in the Danish Psychiatric Central Register, the Danish National Hospital Register or the Swedish Patient Register. A diagnosis of postpartum psychosis is usually given by psychiatrists based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders. Since there is not full consensus on which diagnoses should be included in the definition of postpartum psychosis,[@CIT0004],[@CIT0030],[@CIT0031] we defined the combination of psychotic illness and depression in the first 90 days after delivery as a secondary outcome (see [Table S1](#T0001){ref-type="table"} for ICD codes).

***Potential covariates***: Data on the women's highest attained education was obtained from the Danish Integrated Database for Longitudinal Labour Market Research[@CIT0032] and from the Swedish Education Register,[@CIT0028] whereas information on their country of origin was from the Danish Integrated Database for Longitudinal Labour Market Research and from the Swedish MBR. Information on date of delivery, the woman's age at childbirth, smoking (available since 1982 in Sweden and since 1991 in Denmark), height and weight in early pregnancy (available only in Sweden, since 1992) was obtained from the MBRs; body-mass index was calculated by dividing weight in kilograms with the square of the height in meters. Data on maternal and family hospitalizations for psychiatric disorders prior to the year before pregnancy was obtained from the Danish Psychiatric Central Register, the Danish National Hospital Register or the Swedish Patient Register.

Statistical analyses {#S0002-S2003}
--------------------

Cox regression models were used to estimate risk ratios of postpartum psychosis for exposed in comparison with unexposed according to 1) the time of the loss, 2) the relative's cause of death, and 3) the woman's relationship to the deceased (a parent or sibling versus an older child or partner) and the risk of postpartum psychotic illness in the 90 days after delivery. Since women could have had several births during the study period and the observations are thus not completely independent from each other, we applied the Covsandwich procedure in SAS to take into account the similarity between births by the same woman. Women were followed from delivery until their first psychotic event, death, emigration, or the end of follow-up defined as 90 days postpartum, whichever came first; right censoring was applied. The assumption of proportional hazards was examined using the interaction between exposure and time and the ln of time. Analyses were performed separately 1) among births by women with no record of psychiatric disorder before delivery, and 2) among births by women with a history of psychiatric disorder at the start of the exposure period ([Figure 1](#F0001){ref-type="fig"}). Analyses concerning death of any family member of the woman during the exposure period were restricted to births by women with register linkage to parents and to the father of the index child ([Figure 1](#F0001){ref-type="fig"}). Analyses concerning loss of parent or sibling of the woman were restricted to births by women with register linkage to parents and at least one live parent or one live sibling at the start of the exposure period ([Figure 1](#F0001){ref-type="fig"} and [Table 1](#T0001){ref-type="table"}). Analyses regarding the association between the death of the partner or an older child of the woman were conducted among births by women with registered linkage to the father of the index child ([Figure 1](#F0001){ref-type="fig"}). Adjustments were made for country (Denmark or Sweden), year of delivery,[@CIT0004] the woman's age,[@CIT0004] country of origin,[@CIT0004] education,[@CIT0004] the birth order of the index delivery[@CIT0005],[@CIT0008] and family history of a psychiatric disorder (parents, sibling and/or partner of the woman).[@CIT0005],[@CIT0008] The potential confounders were chosen based on their association with the exposure and their established or plausible association with the outcome. In sensitivity analyses, we also adjusted for two measures that could be both confounders and mediators of the investigated association, ie 1) smoking in analyses restricted to deliveries in 1991 or later in Denmark and in 1982 or later in Sweden, and 2) obesity among deliveries in 1992 or later in Sweden. We investigated potential effect measure modification by country, year of delivery, the woman's age, country of origin and family history of psychiatric disorder, using stratified analyses and formal tests of interaction. We also repeated our analyses concerning any loss during the exposure period, and with exposure categorized according to the time and cause of the relative's death and the woman's relationship to the deceased, and postpartum psychosis risk among births by women with a history of (1) psychotic or bipolar disorder and (2) depression/anxiety at the start of the exposure period; the ICD codes used to define these medical conditions are presented in [Table S1](#T0001){ref-type="table"}. Finally, we performed analyses with the secondary outcome, ie the combination of psychotic illness and depression in the first 90 days after delivery. For this outcome, we analyzed any loss during the exposure period, exposure categorized according to the time and the cause of the relative's death, and the woman's relationship to the deceased.Table 1Characteristics of study participants by women's history of psychiatric disorder.Study variablesBirths by women with no record of psychiatric disorder before delivery (N=4 174 311)^a^Births by women with a record of psychiatric disorder prior to one year before conception (n=116 323)^a^Loss of a close family member the year before or during pregnancy N (%)Loss of a close family member the year before or during pregnancy N (%)No\
(n=4 048 047)Yes\
(n=126 264)No\
(n=112 194)Yes\
(n=4129)CountrySweden2 746 177 (67.8)83 781 (66.4)68 373 (60.9)2535 (61.4)Denmark1 301 870 (32.2)42 483 (33.7)43 821 (39.1)1594 (38.6)Woman's country of originDenmark/Sweden3 923 664 (96.9)123 080 (97.5)107 969 (96.2)4019 (97.3)Other country122 387 (3.0)3133 (2.5)4202 (3.8)108 (2.6)Missing1996 (0.01)51 (0.0)23 (0.0)2 (0.1)Woman's age at delivery (in years)19 or less124 619 (3.1)2367 (1.9)4481 (4.0)93 (2.3)20-24859 100 (21.2)18 992 (15.0)24 378 (21.7)649 (15.7)25-291 531 326 (37.8)41 685 (33.0)36 773 (32.8)1194 (28.9)30-341 104 030 (27.3)40 085 (31.8)29 757 (26.5)1216 (29.5)35 or more428 972 (10.6)23 135 (18.3)16 805 (15.0)977 (23.7)Year of delivery1973-1982861 894 (21.3)31 080 (24.6)9490 (8.5)409 (9.9)1983-19921 292 763 (31.9)42 758 (33.9)29 280 (26.1)1246 (30.2)1993-20021 281 614 (31.7)37 423 (29.6)40 954 (36.5)1535 (37.2)2003-2008611 776 (15.1)15 003 (11.9)32 470 (28.9)939 (22.7)ParityPrimiparous1 819 044 (44.9)42 830 (33.9)47 031 (41.9)1280 (31.0)Multiparous2 229 002 (55.1)83 434 (66.1)65 163 (58.1)2849 (69.0)Woman's educationBasic school642 556 (15.9)24 458 (19.4)32 215 (28.7)1397 (33.8)Secondary school1 842 076 (45.5)55 468 (43.9)48 007 (42.8)1699 (41.2)College/university1 506 216 (37.2)44 840 (35.5)30 515 (27.2)977 (23.7)Missing57 199 (1.4)1498 (1.2)1457 (1.3)56 (1.4)Smoking in early pregnancy^b^No2 172 988 (53.7)60 092 (47.6)54 248 (48.4)1717 (41.6)Yes543 834 (13.4)19585 (15.51)34 281 (30.6)1472 (35.7)Missing1 331 225 (32.9)46 587 (36.9)23 665 (21.1)940 (22.8)Obesity^c^No906 318 (22.4)22 098 (17.5)30 179 (26.9)970 (23.5)Yes89 494 (2.2)2786 (2.2)3942 (3.5)151 (3.7)Missing3 052 235 (75.4)101 380 (80.3)78 073 (69.6)3008 (72.9)Partner's psychiatric disorder up to one year before conceptionNo3 954 313 (97.7)123 046 (97.5)101 658 (90.6)3630 (87.9)Yes93 734 (2.3)3218 (2.6)10 536 (9.4)499 (12.1)Psychiatric disorder in parents or siblings of the woman up to one year before conceptionNo3 535 597 (87.3)100 542 (79.6)77 401 (69.0)2315 (56.1)Yes512 450 (12.7)25 722 (20.4)34 793 (31.0)1814 (43.9)[^1] Table 2Hazard ratios for a psychotic episode in the 90 days postpartum according to death of a close relative the year before or during pregnancy among women with no record of a psychiatric disorder before delivery.ExposureNEventsHR (95% CI)UnadjustedAdjusted^a^Any loss of a close relative the year before or during pregnancy^a^Unexposed4 048 04714401.001.00Any loss126 264481.07 (0.80-1.43)1.02 (0.76-1.37)Time of the relative's death^a^The year before pregnancy75 742311.15 (0.81-1.64)1.12 (0.78-1.62)During pregnancy50 522170.95 (0.59-1.53)0.86 (0.53-1.41)Cause of the relative's death^a^Death due to natural cause111 856421.06 (0.78-1.43)1.03 (0.75-1.41)Death due to unnatural cause13 93661.21 (0.54-2.70)0.92 (0.38-2.22)Type of lost relativeDeath of a parent or sibling^b^113 189451.11 (0.82-1.49)1.01 (0.75-1.38)Death of the partner or older child^c^18 50150.72 (0.30-1.74)0.82 (0.31-2.19)[^2][^3]Table 3Hazard ratios for a psychotic episode in the 90 days postpartum according to death of a close relative the year before or during pregnancy among women with a record of psychiatric disorder before the start of the exposure periodExposureNEventsHR (95% CI)UnadjustedAdjusted^a^Any loss of a close relative the year before or during pregnancy^a^Unexposed112 19415101.001.00Any loss4129611.10 (0.84-1.43)0.96 (0.74-1.25)Time of the relative's death^a^The year before pregnancy2416341.05 (0.75-1.47)0.92 (0.65-1.29)During pregnancy1713271.17 (0.79-1.73)1.02 (0.69-1.51)Cause of the relative's death^a^Death due to natural cause3477521.11 (0.83-1.49)0.95 (0.71-1.27)Death due to an unnatural cause63091.06 (0.55-2.04)1.04 (0.54-2.00)Type of lost relativeDeath of a parent or sibling^b^3810551.02 (0.77-1.34)0.88 (0.67-1.16)Death of the partner or older child^c^516101.36 (0.73-2.53)1.45 (0.78-2.72)[^4][^5]

Analyses were performed using SAS 9.4 (SAS Institute Inc, Cary, North Carolina).

Results {#S0003}
=======

In the cohort of 4 174 311 childbirths of women with no record of psychiatric disorder before delivery 126 264 were exposed to bereavement; among the 116 323 deliveries by women with a history of psychiatric disorder at the start of the exposure period 4129 were exposed. In both of the above cohorts, exposed women were more likely to be older, give birth in earlier calendar years of the study period, be multiparous, have less education, smoke in early pregnancy and have a family history of psychiatric disorders before conception ([Table 1](#T0001){ref-type="table"}). The association between the study variables and the risk of postpartum psychosis is shown in [Table S2](#T00S2){ref-type="table"}.

Main analyses {#S0003-S2001}
-------------

In the cohort of births by women without a history of psychiatric disorder before delivery, we identified 1488 cases of psychotic illness during the first 90 days postpartum (0.4 per 1000 births). The loss of any relative the year before or during pregnancy was not associated with postpartum psychosis; the corresponding adjusted hazard ratio and 95% confidence intervals was 1.02 (0.76--1.37) ([Table 2](#T0002){ref-type="table"}). There was no marked association between bereavement and the risk of postpartum psychosis when exposure was categorized according to the time of the loss (the year before or during pregnancy), the relative's cause of death (natural or unnatural) and the women's relationship to the deceased (parent/sibling or partner/older child).

In the cohort of births by women with a history of psychiatric disorder prior to the year before pregnancy, we identified 1571 cases of postpartum psychotic illness in the 90 days after delivery (13.5 per 1000 births). Like before, the loss of any relative was not associated with postpartum psychosis risk; the corresponding hazard ratio and 95% confidence interval was 0.96 (0.74--1.25) ([Table 3](#T0003){ref-type="table"}). We found no relation between bereavement and postpartum psychosis risk neither when exposure was categorized according to the time of the loss (the year before or during pregnancy), the relative's cause of death (natural or unnatural) and the women's relationship to the deceased (parent/sibling or partner/older child).

Sensitivity analyses and analyses with the secondary outcome {#S0003-S2002}
------------------------------------------------------------

The association between bereavement the year before or during pregnancy and postpartum psychosis was not changed after additional adjustment for smoking (available since 1982 in Sweden and since 1991 in Denmark) (n=2 796 499) or obesity (available since 1992 in Sweden) (n=1 020 696). The association between bereavement the year before or during pregnancy and the risk of postpartum psychotic illness did not differ substantially across strata of country, year of delivery, the woman's country of origin, age and family history of any psychiatric disorder, neither among births by women without, nor among births by women with a history of psychiatric disorders. We found no association between 1) loss of a relative the year before or during pregnancy and, 2) loss of a relative categorized by time of death, 3) cause of death, and 4) the type of deceased relative and the risk of postpartum psychotic illness in analyses restricted to women with a record of psychotic or bipolar disorder ([Table S3](#T00S3){ref-type="table"}) or depression or anxiety ([Table S4](#T00S4){ref-type="table"}) at the start of the exposure period. Similarly, there was no association between death of any relative the year before or during pregnancy or when the loss was categorized by time of death, cause of death or type of deceased relative and the risk of the combined outcome of psychotic illness and depression in the 90 days postpartum ([Table S5](#T0005){ref-type="table"}).

Discussion {#S0004}
==========

In this follow-up study based on nationwide data collected over more than three decades, we found no sign of causal association between the death of a close relative the year before or during pregnancy and the risk of postpartum psychosis, neither among women without, nor among women with a history of psychiatric illness.

The results are in line with those of three previous investigations, two case-control[@CIT0015],[@CIT0016] and one follow-up study,[@CIT0012] analyzing the link between maternal stress during pregnancy and the risk of postpartum psychosis and those of a follow-up study investigating the link between adverse life events in childhood and the risk of postpartum psychosis.[@CIT0033] These findings could be attributed to a lack of statistical power. We made a strong methodological contribution to the existing literature by 1) employing a follow-up design with independent measures of exposure and outcome, 2) a larger sample size involving virtually all births in two countries over three decades, 3) investigating potential dose-response effects (by cause of the relative's death and kinship to the lost person), and 4) performing analyses stratified by the woman's history of psychiatric disorder.

Though the etiology of postpartum psychosis is not known, the most commonly suggested potential causal explanation is that the psychological, circadian, hormonal and immune changes associated with pregnancy and delivery trigger psychotic symptoms in the postpartum period, in particular in women with a psychiatric history.[@CIT0005]--[@CIT0008] We hypothesized based on the neural diathesis-stress model of psychosis that maternal stress shortly before or during pregnancy could exacerbate the activity of the highly sensitized stress system characteristic to the postpartum period and increase the vulnerability to a psychotic episode.[@CIT0010],[@CIT0034] Our finding that death of a close relative, an event that is likely to cause severe stress for most affected individuals,[@CIT0018] was not associated with postpartum psychosis is in contrast with earlier results that adverse life events (as assessed by life event inventories or semi-structured interviews) may increase the risk of psychotic episodes[@CIT0009] in general population samples and of postpartum depression in childbearing women.[@CIT0035] A lack of an association could have several possible explanations. First, though our exposure was a severe acute life event likely to cause considerable emotional stress in most individuals, it is possible that a more chronic exposure than what we studied is necessary to provoke first-onset psychosis.[@CIT0010] Second, the mental health of bereaved patients with a history of psychiatric disorder is likely to have been closely followed during antenatal and postpartum care. Thus, women at high risk of a psychotic episode may have received prophylactic antipsychotic medication that attenuated the potential effect of stress on the risk of postpartum psychosis.[@CIT0008],[@CIT0010] Finally, it is possible that other hormonal and immune factors than those involved in the stress response[@CIT0007],[@CIT0008] or that the rapid changes in hormone levels and not their absolute levels are important for the development of postpartum psychosis.[@CIT0034]

Our study has limitations. First, postpartum psychosis is considered a psychiatric emergency that usually requires hospitalization,[@CIT0005],[@CIT0031] but some of the less affected women may not be treated in in-patient care and were consequently not recorded in the Danish National Hospital Register and the Central Psychiatric Register before 1995 or in the Swedish Patient Register. In addition, as the coverage of the Swedish Patient Register was not complete in five of the 25 Swedish counties prior to 1987, and it is possible that some postpartum psychoses in this early time period were not recorded due to the incomplete reporting to the Patient Register.[@CIT0036] However, we found no differences in the investigated association by calendar period. Similarly, our secondary outcome involving the combination of postpartum psychosis and depression is likely to have captured only the most severe cases of depression, which may explain the lack of association between bereavement and the combined outcome of postpartum psychosis and depression. Second, although our sample size is large, due to the rarity of the exposure and the outcome the power to detect modest associations may have been limited in some of our sub-analyses as indicated by the wide confidence intervals. Third, albeit the exclusion of women who did not have register links to parents and siblings minimizes the possibility of misclassification of exposure, it may influence generalizability of our findings. Women whose relatives lived in Denmark or Sweden are likely to have better social support, better resources to cope with bereavement, and eventually a lower subsequent postpartum risk of mental disorders than the first generation immigrants.

Conclusion {#S0005}
==========

We found no association between bereavement one year before or during pregnancy and the risk of postpartum psychosis, neither among women with, nor among women without a history of psychiatric disorder. Our findings do not support the hypothesis that stressful life events such as the death of a close family member may increase the risk of postpartum psychosis.
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Supplementary material {#S0007}
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Table S1International classification of diseases codes used to define causes of death and medical conditionsCauses of death or medical conditionsICD codes^a^DenmarkSwedenICD-8ICD-10ICD-8ICD-9ICD-10Unnatural death795, E800-E999R95-97, V00-Y997959, 79,621, E807-E999798, E807-E999R95, R96, R98, V01-Y98Any psychiatric disorder290-315F00-F99290-315290-319F00-F99Psychotic or bipolar disorder before the exposure period294.4, 295-299F20-31, F32.3, F33.3, F53.1294.4, 295-299295-299F20-31, F32.3, F33.3, F53.1Depression before the exposure period300.49F32, F33, F53.0300.4300E, 311F32, F33, F53.0Anxiety before the exposure period300.09F41300.0300AF41Psychotic episode in the postpartum period294.4, 295-299F20-31, F32.3, F33.3, F53.1294.4, 295-299295-298F20-31, F32.3, F33.3, F53.1Psychotic episode or depression in the postpartum period294.4, 295-299, 300.49F20-31, F32, F33, F53.0, F53.1, F39294.4, 295-299, 300.4295-298, 300E, 311F20-31, F32, F33, F53.0, F53.1, F39[^6][^7] Table S2Unadjusted hazard ratios for a psychotic episode in the 90 days postpartum by covariatesVariableBirths by women with no history of psychiatric disorder before delivery^a^Births by women with a history of psychiatric disorder at the start of the exposure period^b^Events/NHR (95% CI)Events/NHR (95% CI)Country\
 Sweden\
 Denmark\
1109/2 829 958\
379/1 344 353\
1.00\
0.72 (0.64-0.81)\
1134/70 908\
437/45 415\
1.00\
0.60 (0.53-0.68)Woman's country of origin\
 Denmark/Sweden\
 Other country\
1435/4 046 744\
51/125 520\
1.00\
1.15 (0.86-1.52)\
1515/111 988\
55/4310\
1.00\
0.95 (0.71-1.26)Woman's age at delivery (in years)\
 19 or less\
 20-24\
 25-29\
 30-34\
 35 or more\
48/126 986\
438/878 092\
527/1 573 011\
327/1 144 115\
148/452 107\
1.13 (0.84-1.52)\
1.49 (1.31-1.69)\
1.00\
0.85 (0.74-0.98)\
0.98 (0.81-1.18)\
9/4574\
184/25 027\
518/37 967\
536/30 973\
324/17 782\
0.14 (0.07-0.28)\
0.54 (0.45-0.64)\
1.00\
1.27 (1.12-1.44)\
1.34 (1.16-1.55)Year of delivery\
 1973-1982\
 1983-1992\
 1993-2002\
 2003-2008\
515/892 974\
558/1 335 521\
309/1 319 037\
106/626 779\
3.41 (2.75-4.23)\
2.47 (2.00-3.06)\
1.39 (1.11-1.74)\
1.00\
261/9 899\
661/30 526\
448/42 489\
201/33 409\
4.42 (3.65-5.36)\
3.63 (3.07-4.28)\
1.76 (1.48-2.09)\
1.00Parity\
 Primiparous\
 Multiparous\
953/1 861 874\
535/2 312 436\
2.21 (1.99-2.46)\
1.00\
808/48 311\
763/68 012\
1.50 (1.36-1.65)\
1.00Woman's education\
 Basic school\
 Secondary school\
 College/university\
290/667 014\
687/1 897 544\
469/1 551 056\
1.44 (1.24-1.67)\
1.20 (1.06-1.35)\
1.00\
424/33 612\
677/49 706\
439/31 492\
0.90 (0.78-1.05)\
0.98 (0.86-1.12)\
1.00Smoking in early pregnancy^b^\
 No\
 Yes\
633/2 233 080\
188/563 419\
1.00\
1.18 (1.00-1.39)\
565/55 965\
495/35 753\
1.00\
1.37 (1.21-1.56)Obesity^c^\
 No\
 Yes\
226/928 416\
22/92 280\
1.00\
0.98 (0.62-1.55)\
299/31 149\
56/4093\
1.00\
1.43 (1.06-1.93)Partner's psychiatric disorder up to one year before conception No\
 Yes1451/4 077 359\
37/96 9521.00\
1.08 (0.78-1.49)1288/105 288\
283/11 0351.00\
2.11 (1.84-2.42)Psychiatric disorder in parents or siblings of the woman up to one year before conception No\
 Yes1 231/3 636 139\
257/538 1721.00\
1.41 (1.23-1.62)1101/79 716\
470/36 6071.00\
0.93 (0.83-1.04)[^8][^9] Table S3Hazard ratios for a recurrent psychotic episode in the 90 days postpartum according to death of a close relative the year before or during pregnancy among women with a history of a psychotic or bipolar disorder before the start of the exposure periodExposureNEventsAdjusted HR (95% CI)Any loss of a close relative the year before or during pregnancy^a^ Unexposed12 95012891.00 Any loss591571.01 (0.77-1.33)Time of the relative's death^a^ The year before pregnancy355320.94 (0.66-1.34) During pregnancy236251.12 (0.75-1.67)Cause of the relative's death^a^ Death due to natural cause505481.00 (0.74-1.35) Death due to unnatural cause8391.12 (0.58-2.14)Type of lost relative Death of a parent or sibling^b^554510.90 (0.68-1.19) Death of the partner or older child^c^6691.70 (0.91-3.20)[^10][^11] Table S4Hazard ratios for a psychotic episode in the 90 days postpartum according to death of a close relative the year before or during pregnancy among women with a history of a depression or anxiety before the start of the exposure periodExposure^a^NEventsAdjusted HR (95% CI)Any loss of a close relative the year before or during pregnancy^b^ Unexposed27 1162661.00 Any loss1053121.05 (0.59-1.87)Time of the relative's death The year before pregnancy61360.92 (0.41-2.05) During pregnancy44061.23 (0.54-2.77)[^12][^13] Table S5Hazard ratios for a psychotic episode or depression in the 90 days postpartum according to death of a close relative the year before or during pregnancyExposureBirths by women with no history of psychiatric disorder before deliveryBirths by women with a history of psychiatric disorder at the start of the exposure periodEventsAdjusted HR (95% CI)EventsAdjusted HR (95% CI)Any loss of a close relative the year before or during pregnancy^a^ Unexposed27471.0020791.00 Any loss981.12 (0.91-1.37)770.91 (0.72-1.15)Time of the relative's death^a^ The year before pregnancy601.16 (0.89-1.50)410.83 (0.61-1.14) During pregnancy381.07 (0.77-1.47)361.02 (0.73-1.43)Cause of the relative's death^a^ Death due to natural cause871.14 (0.92-1.41)640.88 (0.68-1.14) Death due to unnatural cause111.03 (0.55-1.91)121.05 (0.60-1.85)Type of lost relative Death of a parent or sibling^b^931.13 (0.91-1.39)700.85 (0.67-1.09) Death of the partner or older child^c^111.03 (0.53-1.98)111.21 (0.67-2.20)[^14][^15]

[^1]: **Notes:** ^a^Analyses are conducted among births by women with register linkage to parents and to the father of the index child. ^b^Data were collected since 1982 in Sweden and since 1991 in Denmark. ^c^Data were available to us only in Sweden, since 1992.

[^2]: **Notes:** ^a^Analyses were restricted to births by women with register links to parents and the father of the index child (n=4 174 311). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and psychiatric disorder in her parents, siblings and partner before the exposure period. ^b^Analyses were restricted to births by women who had register links to parents and at least a live parent or sibling at the start of the exposure period (n=4 217 690). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and psychiatric disorder before the exposure period in her parents and siblings. ^c^Analyses were restricted to births by women with register links to the father of the index child (n=5 040 161). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and her partner's psychiatric disorder before the exposure period.

[^3]: **Abbreviations:** N, number; HR, hazard ratio; CI, confidence interval.

[^4]: **Notes:** ^a^Analyses were restricted to births by women who had register links to parents and to the father of the index child (n=116 323). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and psychiatric disorder in her parents, siblings and partner before the exposure period. ^b^Analyses were restricted to births by women who had register links to parents and at least a live parent or a live sibling at the start of the exposure period (n=119 769). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and psychiatric disorder before the exposure period in her parents and siblings. ^c^Analyses were restricted to births by women with register links to the father of the index child (n=130 188). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and her partner's psychiatric disorder before the exposure period.

[^5]: **Abbreviations:** N, number; HR, hazard ratio; CI, confidence interval.

[^6]: **Notes:** ^a^In Denmark ICD-8 was used during 1967-1993 and ICD-10 since 1994, while in Sweden ICD-8 was used during 1968-1986, ICD-9 during 1987-1996 and ICD-10 since 1997.

[^7]: **Abbreviations:**ICD, International Classification of Diseases.

[^8]: **Notes:** ^a^Analyses were restricted to births by women with no history of psychiatric disorder before delivery and with register links to parents and to the father of the index child (n=4 174 311). ^b^Analyses were restricted to births by women with a history of a psychiatric disorder at the start of the exposure period and with register links to parents and the father of the index child (n=116 323). ^c^Available in Sweden since 1990.

[^9]: **Abbreviations:** N, number; HR, hazard ratio; CI, confidence intervals.

[^10]: **Notes:** ^a^Analyses were restricted to births by women who had register links to parents and to the father of the index child (n=13 541). Adjustment was made for country, year of delivery, woman's age at the child's birth, country of origin, highest attained education, parity and psychiatric disorder in her parents, siblings and partner before the exposure period. ^b^Analyses were restricted to births by women who had register links to parents and at least a live parent or a live sibling at the start of the exposure period (n=14 017). Adjustment was made for country, year of delivery, woman's age at the child's birth, country of origin, highest attained education, parity and psychiatric disorder before the exposure period in her parents and siblings. ^c^Analyses were restricted to births by women with register links to the father of the index child (n=15 517). Adjustment was made for country, year of delivery, woman's age at the child's birth, country of origin, highest attained education, parity and her partner's psychiatric disorder before the exposure period.

[^11]: **Abbreviations:** N, number; HR, hazard ratio; CI, confidence interval.

[^12]: **Notes:** ^a^Analyses by the cause of the relative's death and the type of deceased relative are not presented since the number of events was below the number/cell that we may report according to Danish law. ^b^Analyses were restricted to births by women who had register links to parents and to the father of the index child (n=28 169). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and psychiatric disorder in her parents, siblings and partner before the exposure period.

[^13]: **Abbreviations:** N, number; HR, hazard ratio; CI, confidence interval.

[^14]: **Notes:** ^a^Analyses were restricted to births by women with register links to parents and the father of the index child (n=4 174 311 among women with no history of psychiatric disorder before delivery and n=116 323 among women with a history of psychiatric disorder at the start of the exposure period). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and psychiatric disorder in her parents, siblings and partner before the exposure period. ^b^Analyses were restricted to births by women who had register links to parents and at least a live parent or sibling at the start of the exposure period (n=4 217 690 among women with no history of psychiatric disorder before delivery and n=119 769 among women with a history of psychiatric disorder at the start of the exposure period). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and psychiatric disorder before the exposure period in the her parents and siblings. ^c^Analyses were restricted to births by women with register links to the father of the index child (n=5 040 161 among women with no history of psychiatric disorder before delivery and n=130 188 among women with a history of psychiatric disorder at the start of the exposure period). Adjustment was made for country, year of delivery, the woman's age at the child's birth, country of origin, highest attained education, parity and her partner's psychiatric disorder before the exposure period.

[^15]: **Abbreviations:** N, number; HR, hazard ratio; CI, confidence interval.
